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Two independent molecules comprise the asymmetric unit of 
the title cholestane derivative, C29H49NO3 {systematic name: 
(35',85',95',10i?,13i?,145',17i?)-17-[(li?)-l,5-dimethylhexyl]-6- 
hydroxyimino-10,13-dimethyl-2,3,4,7,8,9,10,ll,12,13,14,15,- 
16,17-tetradecahydro-l//-cyclopenta[fl]phenanthren-3-yl ace- 
tate). The major differences between the molecules relate to 
the relative orientations of the terminal acetyl [C— C— O — C 
torsion angles = —158.8 (3) and —81.7 (3)°] and alkyl groups 
[C-C-C-C = 168.9 (3) and 65.8 (4)°]. In the crystal, the 
independent molecules associate via pairs of O — H- ■ N 
hydrogen bonds, forming dimeric aggregates. Supramolecular 
layers in the ab plane are mediated by C— H- ■ O interactions. 

Related literature 

For background to this study and further details of the 
synthetic procedures, see: Ketuly & Hadi (2010). For previous 
syntheses, see: Anagnostopoulos & Fieser (1954); Petersen 
(1963); Choucair et al. (2004). For related structures, see: 
Ketuly et al. (1997, 2010). For ring conformational analysis, 
see: Cremer & Pople (1975). 




Experimental 

Crystal data 

CjsH^NOa 
M, = 459.69 
Monoclinic, P2i 
a = 11.3934 (13) A 
b = 9.6588 (11) A 
c = 25.018 (3) A 
= 93.466 (2)° 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Sheldrick, 1996) 
T^„ = 0.757, r„„ = 0.862 

Refinement 

R[F^ > 2a{F^)] = 0.050 

wR(F^) = 0.114 

5 = 0.99 

6690 reflections 

615 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2748.1 (5) A^ 
Z = 4 

Mo Ka radiation 

= 0.07 mm"' 
r = 100 K 

0.35 X 0.30 X 0.03 mm 



26531 measured reflections 
6690 independent reflections 
4553 reflections with / > 2a(l) 
Ri„. = 0.086 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„^ = 0.24 e A"' 

ApmM = -0.23 e A-' 

Absolute structure: nd 

Flack parameter: ? 

Rogers parameter: ? 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


01-H1-N2 


0.98 (4) 


1.88 (4) 


2.809 (3) 


157 (4) 


04-H4-N1 


0.95 (4) 


1.82 (4) 


2.733 (3) 


160 (3) 


C9-H9C-06' 


0.98 


2.58 


3.404 (4) 


142 


C37-H37C- ■ 03" 


0.98 


2.40 


3.373 (4) 


169 


Symmetry codes: (i) x -i 


h 1, y, z; (ii) — x - 


|-2,y-l, -z- 


h 1. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997), DIAMOND (Brandenburg, 2006) and 
Qmol (Gans & Shalloway, 2001); software used to prepare material 
for publication: publCIF (Westrip, 2010). 

The authors thank the University of Malaya for support and 
greatly appreciate UMRG grant No. RG035/10BIO. 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB5806). 
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3^-Acetoxy-6-hydroxyiminocholestane 

K. A. Ketuly, A. H. A. Hadi, S. W. Ng and E. R. T. Tiekink 

Comment 

The title compound, 3P-Acetoxy-6 N-hydroxyiminocholestane, (I), is a known species and has been utilized as an inter- 
mediate for the preparation of 6-ketocholestanol acetate, which it readily affords upon reduction with zinc and acetic acid 
followed by acid hydrolysis (Anagnostopoulos & Fieser, 1954; Petersen, 1963). Interest in hydroxyimino-steroids stems 
from a broad investigation into the correlation of structure with biological activity of modified steroid hormones (Choucair 
et ai, 2004). In continuation of systematic structural analyses of related steroidal compounds (Ketuly et ai, 1997; Ketuly 
et al, 2010), the X-ray crystallographic analysis of (I) was conducted. 

Two independent molecules comprise the asymmetric unit of (I), Fig. 1. These are linked into dimeric aggregates via 
O — H - N hydrogen bonds. Table 1. From the overlay diagram. Fig. 3, it is evident that the molecules differ in the relative 
orientations of the terminal acetyl and aUcyl substituents. For the former, the different conformation is manifested in the 
values of the C3— C4— 02— C8 and C30— C31— 05— C36 torsion angles of -158.8 (3) and -81.7 (3) °, respectively. For 
the alkyl chains, the differences are seen in the C22— C24— C25— C26 and C5 1— C53— C54— C55 torsion angles of 168.9 
(3) and 65.8 (4) °, respectively. Each of the six-membered rings adopts a chair conformation or close to a chair conformation, 
and each of the five-membered rings has a twisted conformation, about the C14 — CI 5 and C42 — C43 bonds, respectively 
(Cremer & Pople, 1975). 

The most notable feature of the crystal packing other than the aforementioned O — H - N hydrogen bonds is the presence 
of C — H 'O interactions. Table 1. These lead to the formation of supramolecular layers in the ab plane. Fig. 3. 

Experimental 

Hydroxylamine hydrochloride (13.5 mg) was dissolved in dried and purified pyridine (2 ml) and 3P-acetoxy-5a-chloestan- 
6-one (10 mg) added. The solution mixture was heated at 353 K for 4 h. The solvent was dried under vacuum, yielding crude 
crystals. Recrystallization from methanol and water (10: 1, v/v) yielded compound (I): yield 9.1 mg, 88%, Mpt. 474^75 K. 
Lit. M.pt. 475-476 K (Petersen, 1963). Compound (I) was also isolated as an intermediate byproduct during the reduction of 
3P-acetoxy-6-nitrocholest-5-ene to 3P-acetoxy-6-oxo-cholestanol. Thus, 3P-acetoxy-6-nitrocholest-5-ene (5 g, 10.6 mmol) 
was dissolved in glacial acetic acid (100 ml) and stirred with a Hershbury stirrer and diluted with water (5 ml). Zinc dust (10 
g) was added in small portions over a period of 0.5 h. The suspension was then heated under reflux for 4.5 h. The solution 
was filtered and washed with acetic acid (2 x 6.5 ml). The filtrate was diluted with water (100 ml), cooled in an ice-bath and 
the organic layer was extracted with ether. The yellow viscous product was crystallized from methanol, dried (4.41 g) and 
recrystallized four times from methanol with a few drops of ether, yielding 3P-acetoxy-6-oxo-cholestanol (3.12 g), Af.pt. 
402^04 K. Lit. 409 K (Choucair et al, 2004). The combined mother liquors were dried and four times recrystallized from 
methanol and water (10:1, v/v), yielding colourless plates of (I), (0.24 g), Af.pt. 474-475 K. The purification and vacuum 
sublimation methods employed in the study follow literature precedents (Ketuly & Hadi, 2010). 
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Refinement 

Carbon-bound H-atoms were placed in calculated positions (C — H 0.98 to 1.00 A) and were included in the refinement in 
the riding model approximation, with (7iso(H) set to 1.2 to 1.5{7equiv(C). The oxygen-bound H atoms were located fi'om 
a diflierence map and refined fi"eely. In the absence of significant anomalous scattering effects, 5428 Friedel pairs were 
averaged in the final refinement. However, the absolute configuration was assigned on the basis of the known chirality of 
the 3p-acetoxy-5a-chloestan-6-one starting material. Two reflections, i.e. (0 0 1) and (0 0 2), were omitted from the final 
refinement owing to poor agreement. 



Figures 




Fig. 1. The molecular structures of the two independent molecules comprising the asymmet- 
ric unit of (I) showing displacement ellipsoids at the 50% probability level. The molecules are 
connected into dimeric aggregates via pairs of O — H - N hydrogen bonds (dashed hues). 



■- Fig. 2. Overlay diagram the two independent molecules comprising the asymmetric unit of 
(I). The independent molecule having the Nl atom is shown in red. 



Fig. 3. View in projection down the a axis of the crystal packing of (I). The O — H-N hydro- 
gen bonds and C — ^H - O contacts are shown as orange and blue dashed lines, respectively. 



(3S,8S,9S,1 0R,^ 3R,^ 4S,1 7R)- 1 7-[(1 R)-^ ,5-dimethylhexyl]-6-hydroxyimino-1 0,1 3-dimethyl- 
2,3,4,7,8,9,1 0,1 1 ,1 2,1 3,1 4,1 5,1 6,1 7-tetradecahydro-1 H- cyclopenta[a]phenanthren-3-yl acetate 



Crystal data 

C29H49NO3 
M,. = 459.69 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 11.3934 (13) A 
fe = 9.6588 (11) A 
c = 25.018 (3) A 
13 = 93.466 (2)° 

K= 2748.1 (5) A^ 
Z = 4 



^"(000)= 1016 

Dx= 1.111 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2461 reflections 

6 = 2.3-20.8° 

|i = 0.07 mm"' 

T= 100 K 

Plate, colourless 

0.35 X 0.30 X 0.03 mm 



Data collection 



Broker SMART APEX CCD 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 



6690 independent reflections 

4553 reflections with / > 2a(/) 
i?int = 0.086 
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(a scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
rmi„ = 0.757, r„ax = 0.862 
2653 1 measured reflections 

Refinement 
Refinement on 
Least-squares matrix: fiiU 

/?[i^>2a(i^)] = 0.050 

wR(F^) = 0.114 

5' =0.99 
6690 reflections 

615 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > c(F^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


Ti- *ni 


01 


0.84194(18) 


0.5005 (3) 


0.55612(8) 


0.0249 (5) 


02 


1.37405 (18) 


0.6484 (2) 


0.51114(8) 


0.0238 (5) 


03 


1.4744 (2) 


0.8086 (3) 


0.46763 (10) 


0.0369 (7) 


04 


1.08653 (19) 


0.4934 (3) 


0.62945 (9) 


0.0321 (6) 


05 


0.55480 (19) 


0.3995 (2) 


0.69942 (9) 


0.0261 (5) 


06 


0.5309 (2) 


0.6211 (3) 


0.67381 (10) 


0.0321 (6) 


Nl 


0.9531 (2) 


0.5325 (3) 


0.53618 (10) 


0.0191 (6) 


N2 


0.9777 (2) 


0.4768 (3) 


0.65324(10) 


0.0240 (6) 


CI 


0.9457 (3) 


0.5799 (3) 


0.48875 (12) 


0.0182 (7) 


C2 


1.0580 (3) 


0.6150 (3) 


0.46315(12) 


0.0186 (7) 


H2 


1.0485 


0.7120 


0.4495 


0.022* 



^max 27.5 , Omin 2.0 

h = -\A-^\A 
/ = -32^32 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred fi^om neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a2(Fo2) + (0.0489P)2] 

where P = (Fo^H-2FcV3 

(A/a)„ax< 0.001 

Apmax = 0.24 e A"^ 

Ap,„i„ = -0.23 c k-"" 
Absolute structure: nd 
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U.UU4U (1 j) 


A AAaa /i c\ 
U.UUj J (1 j) 




A AylA 

U.U4U (^Z J 


A Aic /ox 


u.uzy4 vioj 


A AAQ 1 /I Q\ 

U.UUol (IcSJ 


_A AAO/; /I 7"\ 

U.UUZo (1 /) 


A AAA1 /I 7\ 

U.UUU 1 (1 /) 


C53 


A A'5 C 

0.035 (2) 


O.Ozo (2) 


A A'5'7/1 /"I A\ 

0.0374 (19) 


A A A A A /" 1 T\ 

0.0044 (17) 


—0.0083 (16) 


A AAiCA /"I n\ 

—0.0069 (17) 


C54 


0.035 (2) 


0.045 (3) 


0.040 (2) 


0.0048(19) 


-0.0099 (17) 


-0.0055 (19) 


C55 


0.040 (2) 


0.031 (2) 


0.0341 (19) 


0.0023 (18) 


0.0026(17) 


0.0048(17) 


C56 


0.032 (2) 


0.053 (3) 


0.037 (2) 


0.000 (2) 


0.0018(17) 


0.020 (2) 


C57 


0.035 (2) 


0.050 (3) 


0.057 (3) 


-0.006 (2) 


-0.004 (2) 


0.010(2) 


C58 


0.038 (3) 


0.049 (3) 


0.061 (3) 


0.006 (2) 


0.011 (2) 


0.025 (2) 



Geometric parameters (A, °) 



Ol— Nl 


1.422 (3) 


C28— H28A 


0.9800 


01— HI 


0.98 (4) 


C28— H28B 


0.9800 


02— C8 


1.341 (4) 


C28— H28C 


0.9800 


02— C4 


1.464 (3) 


C29— H29A 


0.9800 


03— C8 


1.202(4) 


C29— H29B 


0.9800 


04— N2 


1.417 (3) 


C29— H29C 


0.9800 


04— H4 


0.95 (4) 


C30— C31 


1.514 (4) 


05— C36 


1.352 (4) 


C30— C35 


1.533 (4) 


05— C31 


1.449 (4) 


C30— H30A 


0.9900 


06— C36 


1.208 (4) 


C30— H30B 


0.9900 


Nl— CI 


1.270 (4) 


C31— C32 


1.510(4) 


N2— C46 


1.272 (4) 


C31— H31 


1.0000 


CI— C17 


1.499 (4) 


C32— C33 


1.529 (4) 


CI— C2 


1.504 (4) 


C32— H32A 


0.9900 


C2— C3 


1.535 (4) 


C32— H32B 


0.9900 


C2— C7 


1.566 (4) 


C33— C34 


1.536 (4) 


C2— H2 


1.0000 


C33— H33A 


0.9900 


C3— C4 


1.511 (4) 


C33— H33B 


0.9900 
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Co — HoA 


u.yyuu 


C34 — C3S 


1 Z1£. ^ A\ 

1.53d (4) 


CJ — iiia 


A noAA 

U.yyuu 


C34 — C3y 


1.5oU (4) 


LA — CD 


1 CI "5 

l.Dli (4J 


C34 — C35 


1 c/: 1 ^A\ 
1.5d1 (4) 


LA — rl4A 


1 AAAA 
l.UUUU 


C35 — C4o 


1 CI A 

1.5 lU (4; 


C5 — Co 


1 Z Al\ { A\ 

1.S4U (4) 


C35 — H35 


1 AAAA 
1 .UUUU 


/^Z JJZ A 

CD — rlDA 


A AAAA 

U.yyuu 


C3d — C3 / 


1 CA1 //l\ 

1.5U1 (4) 


Cj tlDD 


A AAAA 

U.yyuu 


C3 / — rl3 / A 


A AOAA 

U.ysuu 


Co — C/ 


1 CA(\ { A\ 

i.j4U y\) 


C3 / — 113 la 


A OQAA 

U.ysuu 


Co — HoA 


A AAAA 

U.yyuu 


C3 / — irl3 /C 


A AOAA 

U.ysuu 


Co — Hod 


A AAAA 

U.yyuu 


C3S — H3SA 


A AOAA 

U.ysuu 


C/ — ClU 


1 C3A i A\ 
l.Djy (4) 


C3S — rl3SD 


A AOAA 

U.ysuu 


C / — C 1 1 


1 ZZi^ { A\ 

1.550 (4) 


/"'lO XJI o/~^ 

C3S — irl3SC 


A AOAA 

U.ysuu 


Co — cy 


i.4yo (p) 


C3y — C4U 


1 O 1 //I \ 

1.521 (4) 


cy — HyA 


A AOAA 

u.youu 


t~^ic\ r^A A 
C3y — C44 


1 zin ^A\ 
1.53U {4) 


cy — Hyo 


A AOAA 

u.youu 


C3y — rl3y 


1 AAAA 
1 .UUUU 


cy — Hyc 


A AOAA 

u.youu 


C4U — C4 1 


1 ZlCi ^A\ 

1.53y (4) 


ClU — ^rllUA 


A AOAA 

u.youu 


t~^Ar\ XJ/1 A A 

C4U — rl4UA 


A AAAA 

U.yyuu 


ClU — ^HIUd 


A AOAA 

u.ysuu 


r^An xj/iAXD 
C4U — M4Ur5 


A AAAA 

U.yyuu 


A XJ1 nr^ 
ClU — ^rllUC 


A AOAA 

U.ysuu 


C41 — C42 


1 C5A ^A\ 

1.53U (4; 


CI 1 — C12 


1 CI O //I \ 

1.536 (4) 


A^ XJ/1 1 A 
C41 — hl41A 


A AAAA 

U.yyuu 


CI 1 — ClO 


1 ^A'^ i A\ 

1.D4Z ^4J 


r^A^ XJ/1 1 D 

C41 — rl41r> 


A AAAA 

U.yyuu 


1 XJ1 1 

Cll — ^rlll 


1 AAAA 


C42 — C4 / 


1 z'in tz\ 
1.53/ pj 


Clz — Cli 


1 C/IC I A\ 

1.D43 (4J 


C42 — C43 


1 CAC\ ^A\ 

1.54y (4; 


/"'IT U 1 O A 

Clz — HlzA 


A AAAA 

U.yyuu 


A") AO 
C42 — C4S 


1 zm /A\ 
1.5/1 (4) 


Clz — ^rllZD 


A AOAA 

U.yyuu 


f^AI f^AA 

C43 — C44 


1 Z^A ^A\ 

1.524 (4) 


Cli — C14 


1 en I A\ 
V.Oll (4) 


C43 — C5U 


1 ^A\ 

1.533 (4) 


1 1 U 1 1 A 

CI J — HI jA 


A AAAA 

U.yyuu 


1 XJ/1 1 

C43 — irl43 


1 AAAA 
1 .UUUU 


CI J — Hlihs 


A AAAA 

U.yyuu 


t^A A r^AZ 

C44 — C45 


1 Z A ^ ^A\ 

1.541 {4) 


C14 — CO 


1 ^ A\ 

l.DJo (4) 


t~^A A XJ/1 A 

C44 — Jrl44 


1 AAAA 
1 .UUUU 


C14 — Clo 


1.543 (4) 


C45 — C4o 


1 Zf\A ^A\ 

1.5U4 (4J 


C14 — ciy 


1 Z ^ A \ 

1.50Z (4) 


t~^AZ XJ/1 C A 

C45 — irl45A 


A AAAA 

U.yyuu 


Cl3 — Clo 


1 CT7 / A\ 

1.52/ ^4J 


t~^AZ XJ/1 CXD 

C45 — rl45rJ 


A AAAA 

U.yyuu 


CID — C21 


1 dA t A\ 

1.5zy (4J 


r^An xj/n a 
C4 / — M4 / A 


A AOAA 

U.ysuu 


C XJ1 c 

CI J — ^rllD 


1 AAAA 


r^An xj/nx3 
C4/ — rl4/l3 


A AOAA 

U.ysuu 


Clo — CI / 


1.532 (4) 


An TjAn/~' 
C4 / — hl4 /C 


A AOAA 

U.ysuu 


Clo — ^rllo 


1 AAAA 
l.UUUU 


t~^AG /"'CI 

C4S — C5 1 


1 ZlCt ^A\ 

1.53y (4) 


n XJ1 T A 

CI / — ^rll /A 


A AAAA 

U.yyuu 


C4S — C4y 


1 CCC tA\ 

1.555 (4) 


CI / — ^Ml la 


A AAAA 

U.yyuu 


r^AO xj/io 
C4S — M4S 


1 AAAA 
1 .UUUU 


/"'I O XJ 1 O A 

Clo — rlloA 


A AOAA 

u.youu 


C4y — C5U 


1 C/IT ^A\ 

1.542 (4) 


1 0 XJ 1 QD 

Clo — ^rllO-D 


A AOAA 

U.ysuu 


r^/1A XJ/1AA 

C4y — rl4yA 


A AAAA 

U.yyuu 


O XJ1 o/~^ 
Clo — ^rlloC 


A AOAA 

U.ysuu 


r^AC\ XJ/1AX> 

C4y — rl4yr5 


A AAAA 

U.yyuu 


Ciy — Czz 


1 Z A Z / A\ 

1.545 (4) 


r^zri xjc A A 
C5U — irl5UA 


A AAAA 

U.yyuu 


Ciy — CzU 


1 ZZZ / A\ 

1.555 (4) 


/^Zri XJCAXD 

C5U — irl5UD 


A AAAA 

U.yyuu 


C19— H19 


1.0000 


C51— C52 


1.526 (5) 


C20— C21 


1.552 (4) 


C51— C53 


1.537 (5) 


C20— H20A 


0.9900 


C51— H51 


1.0000 


C20— H20B 


0.9900 


C52— H52A 


0.9800 


C21— H21A 


0.9900 


C52— H52B 


0.9800 


C21— H21B 


0.9900 


C52— H52C 


0.9800 
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Czz — Cz4 


1 

^.J^D (4) 


Czz — CzJ 


L.d5 I (4J 


Czz — rill 


1 AAAA 


Czi — ^JlziA 


A AOAA 

0.9800 


Czi — hlZirS 


A nOAA 

U.VoUU 


Cz3 — ^rlzJC 


A nOAA 


Cz4 — Czj 


l.jl/ (4J 


Cz4 — ^rlz4A 


A OOAA 

o.yyou 


Cz4 — hlz4r> 


A AAAA 


CzD — CZO 


l.jzy (4) 


Czj — ^rlzDA 


A AAAA 

o.yyoo 


CZJ— hlZJD 


A AAAA 


V-ZU — V-Z / 




C26 — H26A 


0.9900 


C26 — ^H26B 


0.9900 


C27 — C29 


1 519 (5) 

1-.-' i-v y~'f 


C27 — C28 


1.525 (5) 


C27 — ^H27 


1.0000 


Ml XJ1 

JN 1 — Ul — ^rll 


97 (2) 


Co — Uz — C4 


117.1 (3) 


JN/ — U4 — Jrl4 


AA /'~>\ 

99 (2) 


CJo — (JD — 1 


11/; o /Q \ 
11 0.5 {i) 


Ml 


Ui.i (I) 


C4o — JN I — (J4 


1 1 T O /">\ 

1 Iz.o (I) 


JN 1 — CI — Ci / 


1 T7 1 

Iz/.l (i) 


XT1 

JN 1 — Ci — Cz 


1 1 O A 

11 0.0 (i) 


Ci / — CI — Cz 


114.9 (ij 


r^i 

CI — C/ — Cj 


1 1 /I /C 

114.0 (ZJ 


/^T /^T 

CI — Cz — C / 


iuy.o (zj 


r^n 

C j — Cz — C / 


lli.z (ij 


/^O XJ'^ 

Cl — Cz — rLz 


lOo.i 


/^"i m 
Cj — Cz — Hz 


1 A/C 1 

lUo.i 


f^n f^"< m 
C / — Cz — Hz 


1 A/; T 
lUO.i 


/^/i r^i /^o 
C4 — Ci — Cz 


1 AA n 
109. / (I) 


f^A r^i Ul A 

C4 — C3 — Hi A 


1 An "7 

luy. / 


Cz — Ci — Hi A 


1 AA "7 

1U9. / 


f^A UQD 

C4 — Ci — HiD 


1 AA n 
109. / 


r^i uiD 
Cz — Ci — Hio 


1 AA n 
109. / 


TT1 A jyiTU 

HiA — Ci — Hits 


108.2 


UI — C4 — Ci 


1 AC A /">\ 
IOJ.4 (^ZJ 


f~*A r^c 
VI — C4 — CD 


1 AA /I 

109.4 (i J 


r^i r^A r^c 
Ci — C4 — CD 


1 1 1 A 

llz.U (ij 


/~^A UA A 

UI — C4 — H4A 


1 1 A A 
1 lU.U 


C3— C4— H4A 


110.0 


C5— C4— H4A 


110.0 


C4— C5— C6 


111.7 (3) 


C4— C5— H5A 


109.3 


C6— C5— H5A 


109.3 


C4— C5— H5B 


109.3 



CDi — Cj4 


1 zin i'A\ 
l.jiU (4) 


/"'C'^ A 


A AAAA 

o.yyoo 


CDi — MDiD 


A AAAA 

o.yyoo 


C54 — C55 


1.53? (5) 


Cj4 — hlj4A 


A AAAA 
U.VVUU 


Uj4 — rlj4D 


A nOAA 

o.yyoo 


Cjj — CjO 


l.jzl p) 


/^CC XJCC A 

Cjj — MDDA 


A AAAA 

o.yyoo 


Cjj — HDDd 


A AAAA 

u.yyuu 


r^zc f^zQ 
CjO — Cjo 


1 z ^ z 
l.jlj \p) 


C5o — CD / 


1 z^ £i /z\ 
l.jlO {p) 


CjO HDD 


1 AAAA 
1 .UUUU 




0 QROO 

U."OvU 


C57 — H57B 


0.9800 


C57 — H57C 


0.9800 


C58 — H58A 


0.9800 


C58 — H58B 


0.9800 


C58 — H58C 


0.9800 


Cz / — CzV — rlzVC 


1 AA Z 

loy.D 


hizyA — czy — hizyc 


1 AA C 


HzyB — czy — hizyc 


1 AA C 


f~^1^ r^i(\ r^iz 
C31 — C3U — C3j 


UO.i (Z) 


Ci 1 — CiO — xiiOA 


1 AA a 

loy.o 


r^'^Z /^TA TUT A A 

Coj — C3U — HiUA 


1 AA £. 

loy.o 


CJl — CJO — MJOd 


1 AA 

loy.o 


Cij — CiO — MiOB 


1 AA iC 

loy.o 


XJ'3 A A A XJ'3 AD 

xii OA — Ci 0 — Mi Od 


1 AO 1 

lOo.l 


Uj — Ci 1 — Ciz 


lUo.o (i) 


UD — Ci 1 — CiO 


1 lO.J (ZJ 


L^jl — Ci 1 — CiO 


111 O 

11 l.o (ij 


r\z /^'j 1 xj'5 1 
U J — Ci 1 — ri5 1 


1 AA "3 

loy.i 


Ciz — Ci 1 — rli 1 


1 AA "5 

loy.i 


CiO — Cil — Mil 


1 AA 1 

loy.i 


Ci 1 — Ciz — Cii 


1 1 A A 

iio.y (ij 


1 r^i") Tim A 
Ci 1 — Ciz — MizA 


1 AA C 


/^ii /"'n Tim A 
Cii — Ciz — MizA 


1 AA C 

loy.j 


Ci 1 — Ciz — MiZrS 


1 AA Z 

loy.j 


Cii — Ciz — MiZD 


1 AA Z 

loy.D 


TUT) A /^T> TUTID 

Mi Z A — C i Z — M i ZD 


1 AO A 

lOo.O 


/^'J'l /^'J'J /^"J/l 

Ciz — Cii — Ci4 


113.3 (3) 


/^■^O XJ'3'5 A 

Ciz — Cii — MiiA 


1 AO A 

108.9 


r^iA r^ii tm a 
Ci4 — Cii — MiiA 


1 AQ O 


Ciz — Cii — MiiD 


1 AO A 

105.9 


Ci4 — Cii — HiiB 


108.9 


H33A— C33— H33B 


107.7 


C33— C34— C38 


110.1 (3) 


C33— C34— C39 


110.8 (2) 


C38— C34— C39 


110.5 (3) 


C33— C34— C35 


108.3 (3) 
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Co — Cj — hlDrS 


1 An 1 


HjA — Cj — ^rljrJ 


1 AO A 


/^c r^/i t~^n 
L.3 — Co — L. / 


113.3 {2) 


/^JC XJiC A 

CD — Co — MoA 


1 AO A 


f^n f^i^ A 
C / — Co — HoA 


1 AO A 
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1 AO O 
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C / — C 1 U — M 1 UC 


1 AA C 


U1AA 1 A UIA/"' 

MlUA — ClU — MlUC 


1 AA C 

iuy.3 


XJ 1 AD 1 A U 1 A/^ 

M 1 Ud — C 1 U — M 1 UC 


1 AA C 

luy.D 


Clz — Cll — Clo 


1 1 A O 
IIO.Z (Z) 


Clz — Cll — C/ 


1 1 "J /I 

113.4 {!) 


Clo — Cll — C/ 


113.3 (I) 


1 1 XJ1 1 

Clz — Cll — ^Mll 


1 AiC C 

lUo.D 


1 XJ1 1 

Clo — Cll — ^Mll 


1 AiC C 

lUo.D 


/"^ 1 1 U 1 1 

C/ — Cll — Mil 


1 A/; c 
lUo.5 


/"'ll /"'IT /^IT 

CI 1 — Clz — CI J 


1 1 T C /"3\ 

113.3 (3) 


Cll — Clz — ^MlzA 


1 AQ Q 

iUo.y 


Cli — Clz — ^MlzA 


1 AO A 

luo.y 


CI 1 — Clz — Mlzrs 


1 AO A 

lus.y 


CI J — Clz — Mlzri 


1 AO A 

lus.y 


XJ1 1 A XJ1 ID 

MlzA — Clz — Mlzrs 


1 fin n 
lU/./ 


/^ii /^lo 
C 1 4 — C 1 3 — C 1 z 


Ill/; /'T\ 
111.0 {Z) 


C 1 4 — C 1 3 — M 1 3 A 


1 AA 1 

iuy.3 


Clz — C13 — M13A 


109.3 


C14— C13— H13B 


109.3 


C12— C13— H13B 


109.3 


H13A— C13— H13B 


108.0 


C13— C14— C15 


107.3 (2) 


C13— C14— C18 


110.6(3) 



Cio — C34 — C3j 


1 1 A T /"lA 

11 U. 2 yl) 


/"'TA /"'I/I /^IC 

C3y — C34 — C3j 


1 f\£. A 

lUo.y (z) 


r^AC r^iz /^"iA 
C4o — C3 J — C3 U 


1 1 /I 

114.0 (Z) 


r^Ati /^ic /^i/i 
C4o — C3D — C34 


1 AA O 

lUy.o (zj 


i^TA i^TC /^l/l 

C3 U — C3 J — C 3 4 


1 1 T O 

Uz.o (3) 


/^"J^ Ul^ 

U4d — U3 J — xl3 J 


IUO.3 


/^"iA /^"ic xj'ic 
C3U — C3j — xi3j 


1 AiC "5 

lUo.3 


/^■^/l /^"iC XJ'5C 

C34 — C3j — M3j 


1 AiC "3 

lUo.3 


Uo — C3o — Uj 


1 TO /C /"3\ 

[ZZ.b (3) 


Uo — C3o — C3 / 


Izo.U (3) 


Uj — C3d — C3 / 


111 /I 

1 1 1 .4 (3) 


f^i£. f^in xjin \ 
C3d — C3 / — 113 / A 


1 AA C 

luy.j 


C3o — C3 / — 113 /B 


1 AA C 


uin K f^in Tui '7iz> 
113 /A — C3 / — 113 ID 


1 AA C 


C3o — C3 / — xi3 /C 


1 AA C 


113 /A — C3 / — 113 /C 


1 AA C 


xi3 /D — C3 / — xi3 /C 


1 AA C 


C34 — C3 o — M3 o A 


1 AA C 


C34 — C3 o — xl3 OD 


luy.j 


113 oA — C3 o — 113 OD 


1 AA C 


C34 — C3o — xl3oC 


1 AO ^ 


XT'? O A r^"! O o/^ 

xi3 oA — C3 o — xi3 oC 


1 AA C 


XJ'5 OD t^'J O XJ'5 O/^ 

li3 OD — C3 o — rl3 oC 


1 AA C 


i^/1A /^"JA r^AA 

C4U — C 3 y — C44 


111 /I /"3\ 

1 1 1.4 (3) 


f^Af\ f^ICi f^lA 

C4U — C3 y — C34 


1 14. J (3 j 


r^AA /^"iA /^"i/i 
C44 — C3y — C34 


1 Iz.z (zJ 


Af\ /^1A TUIA 

C4U — C3y — ii3y 


1 A/C A 


C44 — C3y — 113 y 


1 A/C A 


Z^Q/l /^QA TUQA 

C34 — C3y — 113y 


1 AiC A 


/^"iA /^/lA 

C3y — C4U — C4 1 


1 1 1 A 

ii3.y (3j 


/^TA /^/1A TU/IA A 

C3y — C4U — 114UA 


1 AO O 

lUo.o 


C4 1 — C40 — 1140 A 


1 AO O 

lUo.o 


/^'5A /^^A XT/IATU 

C39 — C40 — H40d 


1 AO O 

lOo.o 


C4 1 — C4U — xi4UD 


1 AO O 

lUo.o 


i_I /I A A /I A I_I A AD 

rl4UA — C4U — 114Ud 


1 AT T 
lU/. / 


/^/iT r^A(\ 
C4z — C4 1 — C4U 


111 T 

111.3 (3) 


C4z — C4 1 — M4 1 A 


1 AA A 

iuy.4 


C^AC\ r^A'\ TJ/ll A 

C4U — L-4 1 — rl4 1 A 


1 AO A 

iuy.4 


C42 — C4 1 — 114 1 D 


1 AA A 

iuy.4 


C4U — C4 1 — 114 1 D 


1 AA A 

iuy.4 


XJ/1 1 A XJ/1 1 D 

xi4 1 A — C4 1 — xi4 Id 


1 AO A 

lUo.U 


C4 1 — C4z — C4 / 


111 1 /1\ 

111.3 (i) 


C4 1 — C42 — C43 


1 AT A /'>\ 

lU/.U (2) 


/I T /~" /I T /~" /1 1 

C47 — C42 — C43 


111.8 (3) 


C41— C42— C48 


116.8 (3) 


C47— C42— C48 


109.9 (3) 


C43— C42— C48 


99.4 (2) 


C44— C43 C50 


119.1 (2) 


C44— C43 C42 


114.3 (3) 



sup-1 1 



supplementary materials 



ClD — CI 4 — Clo 


1 1 O A 

llz.U (J) 


cij — C14 — ciy 


1 1 ^ T 
iiO. / (zj 


CI J — C14 — ciy 


1 AA 1 

lUU.i (zj 


cio — ci4 — ciy 


1 AA iC 

iuy.o (jj 


ClD — CI J — Czl 


1 1 O T /">\ 

Us. / (/) 


ClD — CI J — C14 


1 1 1 ^ /')\ 

llj.D (^zj 


Czl — Ci J — Ci4 


1 A/1 "1 

iU4.j (2J 


CiO — ClD — s±lo 


1 A/: ^ 


/^i 1 z XJ1 c 
Czl — CI J — rll J 


1 A/; C 


C14 — ClD — ^rilD 


1 A/; c 


ClD — ClO — CI / 


1 1 1 o 

1 1 1 .z (z) 


/^ic /^i/; 

ClD — Clo — CI 1 


1 An 1 (^\ 
lUy.l \L) 


/^i"? 

C 1 / — C 1 o — C 1 1 


1 1 1 A \ 

1 1 1 .y (zj 


ClD — Clo — Hlo 


1 AO "1 


n i iC xji 
CI / — Clo — ^rilo 


1 AO 1 


1 c xji c 
CI 1 — Clo — ^rllo 


1 AO T 
1U6.Z 


CI — CI / — Clo 


1 AA 1 

luy.i (jj 


CI — CI / — Ml /A 


1 AA A 

iuy.y 


Clo — CI / — ^ril /A 


1 AA A 

iuy.y 


CI — CI / — 111 ID 


1 AA A 

iuy.y 


Clo — CI / — ^ril /d 


1 AA A 

iuy.y 


XJITA /^IT XJI 'TD 

Ml /A — CI / — Ml /D 


1 AO 1 


/I /^l O XJ10A 

C14 — Clo — ^MloA 


1 AA C 


CI 4 — Clo — MloB 


1 AA C 


M 1 5 A — C 1 o — M 1 5d 


1 An ^ 


C14 — Clo — ^MloC 


1 AA C 


M 1 6 A — C 1 o — M 1 oC 


1 An c 


M 1 or> — C 1 o — M 1 oC 


1 An c 


czz — c 1 y — czu 


111 1 
Hz. 1 (i) 


i^OO i^lQ 

Czz — C 1 y — C 1 4 


1 1 Q 1 /"2^ 
11 O.J yi) 


CZU — c 1 y — C 1 4 


1 Al 1 ('^\ 

1U3.1 \l) 


/^Ti /^in xj 1 n 

Czz — c 1 y — ^M 1 y 


1 AT 
lU/.O 


/^O A r^\C\ XJ 1 A 

czu — ciy — ^Miy 


1 AT 
lU/.O 


A A XJI A 

C14 — ciy — ^Miy 


1 AT 
lU/.O 


1 i^^A 1 A 

cz 1 — CZU — c 1 y 


1 AT T /'T\ 
lU /./ (ZJ 


1 i^TA XJTA A 

CZ 1 — CzU — ^MZUA 


1 1 A 1 
1 ID. J 


A /^OA XJ1A A 

C 1 y — Cz U — ^MzU A 


1 1 A 

ilU.i 


1 /^OA XJOATD 

Cz 1 — CzU — ^MzUd 


1 t A 


Ciy — czu — MZUB 


1 1 A O 

ill). 3 


XJTA A /^TA XJTAt) 

MZUA — czu — MZUd 


1 AO C 

IDs. 3 


ClD — CZ 1 — czu 


1 A"? /'T\ 

103.6 (2) 


/^") 1 XJOl A 

C 1 D — cz 1 — MZ 1 A 


1 1 1 A 
1 1 1 .U 


/^OA 1 XJOl A 

czu — CZl — MZIA 


1 1 1 A 
1 1 1 .U 


ClD — Czl — MZId 


111.0 


C20— C21— H21B 


111.0 


H21A— C21— H21B 


109.0 


C24— C22— C23 


109.9 (3) 


C24— C22— C19 


110.8 (3) 


C23— C22— C19 


112.8 (3) 



CjU — C4j — C4z 


1 AO T /'T\ 

103. / (,z) 


C44 C4j — rl4j 


1 A/C "5 


/^CA XJ/1'3 

L.DO — L.4j — M4i 


1 A/C "5 

lOo.i 


/~^/IT /"^/l-^ XJ/II 

C4z — C4i — rl4j 


1 AiC 1 


/"'/I/I t~^1C\ 

C4j — C44 — C3y 


1 1 A T /TA 
1 lO.Z (Z) 


r^/i/i r^/i^ 
C4j — C44 — C43 


1 1 A T 

1 lO.Z (i ) 


/^"iA r^AA r^Ac 
L-iy — L.44 — L.43 


1 1 A /I 

110.4 (J) 


r^A"! r^AA UAA 

L.4i — L.44 — M44 


1 AO iC 


/^lA A A TJ A A 

Ciy — C44 — Jrl44 


1 AO /C 


L-4D — L-44 — Jrl44 


1 AO £. 


r^AH r^Az r^AA 
C4o — C4D — C44 


1 1 T iC 

Uz.o (i) 


C4d — L,43 — Jrl45A 


1 AA 1 

loy.i 


A A f^AQ U/ICA 

C44 — C4d — Jrl43A 


1 AA 1 

loy.i 


C4o — C4D — Jrl4Dr> 


1 AA 1 

loy.i 


C44 — C43 — n/na 


1 AA 1 

loy.i 


U/1 C A /^/IC U/ICD 

hl4DA — C45 — rl4Dl3 


1 AT O 
10/. 6 


"\TT AC AZ 

iNz — C4o — C4D 


1 Tc /: ii\ 
125.0 (i) 


SSI — L/4o — L/iD 


1 1 T A i1\ 

11 /.y {i) 


r^Ac r^A/i r^iz 


110.3 (zj 


/^/1T /^/1T U/1T A 

C4z — C4 / — hl4 / A 


1 AA C 

loy.D 


C4z — C4 / — rl4 /r> 


1 AO ^ 

loy.j 


rl4 / A — L/4 / — rl4 /r> 


1 AO < 

loy.j 


L.4Z — L.4 / — rl4 / L. 


1 AO ^ 


XJ/ITA f^Ai \jAnr^ 
rl4 /A — C4 / — Jrl4 /C 


1 AO C 

ioy.3 


rl4 Id — C4 / — Jrl4 /C 


1 AO ^ 

ioy.3 


/^Cl /^/lO /^/lA 

CD 1 — C4s — C4y 


1 1 T 1 

llz.l (i) 


/^^1 /^/10 /^/1T 

C J 1 — L,46 — C4z 


1 1 o /; 
Uy.o (i) 


/^/1A /^/io /^/n 
C4y — C46 — C4z 


1 AT O /TA 

lOz.5 {!) 


/^/10 U/10 

CDl — L.45 — -H45 


1 AT T 
lO/.Z 


r^ACi r^AO xj/io 
C4y — C4o — rl4S 


1 AT T 
lO/.Z 


/^/1T /^/10 U/IO 

C4z — C46 — Jrl4o 


1 AT T 
lO/.Z 


/^CA /^/1A /^/lO 

CjO — C4y — C45 


1 AT T 
10/./ (jj 


/^CA r^AC\ XJ/IA A 

L.DO — L.4y — M4yA 


1 1 A T 
IIO.Z 


r^AO r^ACl XJ/IA A 

L.46 — L.4y — rl4yA 


1 1 A T 
IIO.Z 


/^CA t~^AC\ XJ/1AII) 

CjO — C4y — Jrl4yr5 


1 1 A T 
1 lO.Z 


t~^AQ t^^ACi XJ/iniD 

C4s — C4y — rl4yr5 


1 1 A T 
1 lO.Z 


XJ/IA A ACi XJ/IAXD 

rl4yA — L.4y — rl4yi3 


1 AO C 


/^/ll /^CA /^/lA 

L.4 J — L.DO — L.4y 


1 A'3 "3 

lOi.i (I) 


A1 /^CA XJCA A 

C43 — C50 — liDOA 


111 1 

111.1 


f^AC\ t~^zr\ XJ^ A A 
C4y — CDO — HDOA 


111 1 

111.1 


r^A'y r^cf\ xjcaxd 
C4J — CDO — HDOrs 


111 1 

111.1 


r^/in /^CA XJCATD 

L,4y — LdU — HdUB 


111 1 

111.1 


XJ^ A A A XJCAX> 


1 AO 1 

loy.i 


C52— C51— C53 


109.9 (3) 


C52— C51— C48 


113.2 (3) 


C53— C51— C48 


108.4 (3) 


C52— C51— H51 


108.4 


C53— C51— H51 


108.4 


C48— C51— H51 


108.4 



sup-12 



supplementary materials 





1 c\n n 
[{)/./ 


i^TJ i^Tl LJTl 

CzJ — Czz — ^rizz 


1 AT n 


Ciy — Czz — ^rizz 


lU/./ 


/^lO XJT3 A 

Czz — Czi — ^riziA 


1 Aft C 


CZZ — CZi — hlZiB 


1 Aft Z 


rlZJA — Cz3 — HZ3d 


1 Aft C 


Czz — Czi — ^riziC 


1 Aft C 


xlZiA — Czi — MziC 


1 Aft C 


XJT3TZ) /^Tl TUTl/"' 

rlZoB — Cz3 — HziC 


1 Aft Z 


Czj — Cz4 — CzZ 


11/1 Q 
114. J (Jj 


XJ1/1 A 

Czj — Cz4 — ^rlz4A 


1 AO n 


r~">/1 TUO/I A 

L-ZZ~L-z4 — hlz4A 


1 AO "7 


Czj — Cz4 — hlz4r> 


1 AO "7 


CzZ — Cz4 — JrlZ4D 


1 AO n 


xlZ4A — Cz4 — x1Z4d 


1 AT £i 


Cz4 — CZj — Czo 


1 1 T O 

Uz.o (JJ 


LJTC A 

Cz4 — Czj — ^rizjA 


1 Aft A 


/^OiC /^OC XJOC A 

L-zo — Czj — ^rlzjA 


1 Aft A 


Cz4 — Czj — ^rizjD 


1 Aft A 


CZO — CZj — hlZDB 


1 An A 


xiZ J A — Cz J — HZ J D 


1 AT O 


/^T7 /^liC 

Cz / — Czo — CzD 


lie 1 

llj.l {5} 


/ — L/ZO — ^rlZuA 


lUo.j 


i^'lC /^T/C TUT/C A 

Czj — Czo — hlZoA 


1 AO C 


UZ / — CZO — ^rlZOD 


1 AO Z. 


Czj — Czo — riZOD 


1 AO C 


hlZoA — CZo — hlZoD 


1 AT C 

lU /.J 


/^">n /^T7 r^'>i^ 
Czy — CZ / — Czo 


111 O /I \ 

1 13.Z (3) 


/^TO /^T? /^10 

czy — cz / — czo 


1 1 A T \ 

UU.Z (3) 


/^liC /^T7 /^10 

Czo — Cz / CZ5 


1 1 A iC 

llU.o (ij 


/^T7 TLJT7 

Czy — Cz / — hlZ / 


1 AT Z 
lU /.J 


f~^'^£i f~^'^n LJT7 

Czo — Cz / — ^riZ / 


1 AT Z 


/^10 /^T7 XJT7 

Czo — L/Z / — ^rlz / 


1 AT C 
lU/.J 


/^T7 /^OO XJOO A 

Cz / — Czo — ^rizoA 


1 Aft C 


Cz / — Czo — hlZoB 


1 An z 


xlZoA — Czo — HZoD 


1 Aft z 


P97 poQ TT9RP 




H28A — C28 — H28C 


109.5 


H28B — C28 — H28C 


109.5 


021 — C29 — ^H29A 


109.5 


C27 — C29 — ^H29B 


109.5 


H29A — C29 — H29B 


109.5 


(Jl — iN 1 — CI — CI / 


1 Z l'A \ 

-1.5 (4) 


Ul — N 1 — CI — Cz 


1 TA A /TX 

-179.0 (2) 


Nl— CI— C2— C3 


-11.2 (4) 


C17— CI— C2— C3 


171.0 (3) 


Nl— CI— C2— C7 


117.3(3) 


C17— CI— C2— C7 


-60.5 (3) 


CI— C2— C3— C4 


-174.8 (3) 



f^Z^ TUO A 

CjI — CjZ — hljZA 


1 Aft Z 


Cj 1 — C JZ — MjZd 


1 Aft Z 


rl J z A — L- J z — M J ZD 


1 Aft C 


Cj 1 — Cjz — MDzC 


1 Aft C 


hi 3 Z A — C J Z — hi J ZC 


1 Aft C 


HjZd — CjZ — hljZC 


1 Aft Z 


/^ZA /^Cl 

C j4 — C j3 — C J 1 


I 1 iC C (1\ 

II O.J \p) 


i^^/l r^i^l A 


lUo.z 


/^Cl /~^Z1 TJZ'y A 

CjI — C-)3 — hlj3A 


1 AO T 


Cj4 — Cj3 — hlD3D 


1 AO T 


^^z^ r^zi xjc3d 


1 AO T 


hlj3A — Cj3 — hlj3B 


1 AT 1 
lU /.3 


f^ZI f^ZA C^ZZ 

Cj3 — Cj4 — Cjj 


111 1 

113.1 (3) 


/^^Q /"'^/l U^/l A 

C J 3 — C j4 — hi j4 A 


1 An A 


r^zz r^zA xjc/1 a 
Cjj — Cj4 — hl54A 


1 Aft A 


Cj3 — Cj4 — hlj4r> 


1 An A 


f~^ZZ r^ZA LJC/ID 

Cjj — Cj4 — hlj4D 


1 An A 


M J 4A — C J 4 — hi J 4hJ 


1 AT O 


r^zc r^zz r^zA 
CjO — Cjj — Cj4 


1 1 /I A 

114.U (3j 


C^ZC r^ZZ TUCC A 

CjO — CD J — hlDDA 


1 AO O 


r^zA r^zz x\zz a 
Cj4 — CD J — MjjA 


1 AO Q 


C^Zt^ C^ZZ \JZZTi 


1 C\Q Q 

lUo.o 


r^zA r^zz xjccD 
Cj4 — Cjj — MDDd 


1 AO O 


XJCCA r^ZZ XJCCD 

hlD DA — CD D — hlD DD 


1 AT T 
lU/. / 


/^co r^zc r^zn 


1 1 A 1 

UU.l (3) 


r^zo r^zc r^zz 


1 1 A 

11U.3 (3J 


r^zn f^z£. r^zz 


111 n 

11 l.y (3) 


r^zQ r^z£. \^z£. 
Cjo — Cjo — hi JO 


1 AO 1 


f^zn r^zc Tuc/i 
Cj / — Cjo — hljo 


1 AO 1 


r^zz r^zc uzc 
Cjj — Cjo — hlDo 


1 AO 1 


r^zc c^zn tuct a 
Cjo — C J / — hlj /A 


1 An z 


C JO — C J / — hlD /hi 


1 An z 


hi J / A — / — hlD IQ 


1 Aft c 


Cjo — Cj / — hlD /C 


1 Aft C 


hi J /A — C J / — hi J /C 


1 Aft C 


tiD /d — Cj / — tlD /C 


1 An z 


XTJOrt. 


TOO s 


C56 — C58 — H58B 


109.5 


H58A — C58 — H58B 


109.5 


C55 — — H58C 


109.5 


H58A — C58 — H58C 


109.5 


H58B — C58 — H58C 


109.5 


Coo — U5 — Co 1 — Co/ 


1 jo.o (3) 


C36 — 05 — C3 1 — C30 


O 1 T /"?\ 

-81.7(3) 


C35— C30— C31— 05 


-175.1 (3: 


C35— C30— C31— C32 


-56.5 (4) 


05— C31— C32— C33 


177.2 (2) 


C30— C31— C32— C33 


56.3 (3) 


C31— C32— C33— C34 


-56.0 (4) 



sup-1 3 



supplementary materials 



r^n r^"t r^i r^A 
C / — C/ — C3 — C4 


JO.O (4) 


Co — Uz — C4 Cj 


ICO O /I \ 

— Ijo.o (3) 


r^o /^/i /^c 
L.6 — U2 — L.4 — CD 


OA "7 

oU. / (J) 


/"^"i 

Cz — Cj — C4 — (Jl 


—1 /4. / (Zj 


Cz — CJ — C4 — Cj 


cc n /"3\ 
-!)!). V (3) 


r^T r^/i r^t^ 
UZ — C4 — Cj — Co 


1 / l.U (3j 


r^i r^A r^c r'/i 
Ci — C4 — CD — Co 


C/1 <C i'A\ 

j4.0 (4) 


r^A f^t^ c^n 
C4 — CD — Co — C / 


jj.i (4J 


CD — Co — C / — C 1 U 


^CC <C 

— DJ.D (3) 


f^n i 
CD — Co — C / — C 1 i 


ITI 1 

171.1 (3) 


r^a r^n /^o 
CD — Co — C / — Cz 


c/1 "2 ^1\ 
54.3 (3) 


C 1 — Cz — C / — C 1 U 


/;c n 
— OD.y (3) 


Ci — Cz — C / — C 1 U 


o3.4 (3) 


f^n f^i^ 
C 1 — Cz — C / — Co 


1 /4.U (Z) 


r^i r^n r^a 
Ci — Cz — C / — Co 


CiC T 

—DO. / (3) 


C 1 — Cz — C / — C 1 1 


jj.o (3) 


r^i r^'t r^n ^^^^ 
Ci — Cz — C / — C 1 i 


1 TC 1 /">\ 

—1 iJ.V yl) 


r^A r^o r\'y 
C4 — Uz — Co — Ui 


1 O /CA 

3.8 (5) 


r^A r^Q r^Q 
C4 — Uz — Co — Cy 


1 'TC 1 /"2^ 


ClU — C/ — Cll — Clz 


CA O /"3\ 

— jV.o (3) 


Co — C / — C 1 1 — Clz 


63.1 (3) 


Cz — C / — C 1 1 — C Iz 


i /y.i (3J 


CIO — C/ — Cll — Clo 


OO. / (3J 


Co — C / — C 1 1 — C 1 0 


1 TA 1 /"3\ 

— 1 /U.3 (3) 


Cz — C / — C 1 1 — C 1 0 


C/l /I 

— j4.4 (3) 


Clo — Cll — Clz — Cli 


CI A 

Dz.y (3j 


r^n r^ii r^ii 
C/ — Cll — Clz — Cli 


1 TO A 

—1 /o.y (3) 


/^i"> /"^ii 
CI 1 — Clz — Cli — C14 


— j4.o (4) 


/^IT /"'IT /""l/l /""IC 

Clz — Cli — C14 — CID 


cc 1 i1\ 

JJ.3 (3) 


Clz — Cli — C14 — Clo 


-67.1 (3) 


Clz — Cli — C14 — ciy 


iDO.O (3) 


Cli — C14 — CID — Clo 


/iA /I 

— OU.4 (3) 


Clo — C14 — CID — Clo 


Dl.l (3) 


Ciy — C14 — CID — Clo 


1 1 

i / 1,1 yl) 


Cli — C14 — CID — Czl 


1 /CA A /">\ 

loV.U (2) 


Clo — C14 — CID — Czl 


/CA C 

— OV.J (3) 


Ciy — Ci4 — CID — Czl 


/1*C /C 

4o.O (3 ) 


Czl — CID — Clo — CI / 


CO C {A\ 

— jz.j (4J 


C14 — CID — Clo — CI / 


1 TC /C /"3\ 

—1 /D.O (3) 


/"'T 1 /"'ic /"'I/; /""ii 
Czl — CID — Clo — Cll 


— 1 /0.4 (3) 


C14 — CID — Clo — Cll 


iCA C 

OU.D (3j 


/"^lo r^ii r^i/; 

Clz — Cll — Clo — CID 


C/1 T /"3\ 

-54.2 (3) 


r^n /^i/; 

C/ — Cll — Clo — CID 


1 /C /I \ 
1 / /.D (3) 


/"'IT /^l/I /^IT 

Clz — Cll — Clo — CI / 


—177.7 (i) 


C7— Cll— C16— C17 


54.1 (3) 


Nl— CI— C17— C16 


-119.9 (3) 


C2— CI— C17— C16 


57.7 (4) 


C15— C16— C17— CI 


-174.7 (3) 


Cll— C16— C17— CI 


-52.4 (3) 



Ciz — Cii — Ci4 — Cio 


— oo.y (3) 


Ciz — Cii — Ci4 — Ciy 


1 /U.J (3) 


r^'j^ r^iA r^iz 
L-il — Cii — Ci4 — CiD 


j3.D (3) 


/"'1 1 r^'yf\ r^ic r^A/i 
Ci 1 — CiU — CiD — C46 


-177.3 (3) 


Ci 1 — CiU — CiD — Ci4 


C/C 1 ( A\ 
JO.l (4) 


(^11 r^iA r^iz r^A^ 
Cii — Ci4 — CiD — C4o 


1 / /.U (3 ) 


r^io r^iA r^iz. r^AH 
Cio — Ci4 — CiD — C46 


/Cl C 

— oz.D \5) 


r^iQ r^iA r^'^z r^At^ 
Ciy — Ci4 — CiD — C4o 


J /.O (3 ) 


Cii — Ci4 — CiD — CiU 


CJ A /"3\ 

— j3.y (3) 


Cio — Ci4 — CiD — CiU 


00.0 \5) 


r^'yci r^iA r^iz. r^if\ 
Ciy — Ci4 — CiD — CiU 


—1 /3.Z yl) 


Cii — UD — Cio — (Jo 


O £. { A\ 

-2.6 (4) 


Cii — UD — Cio — Ci / 


1 TO (\ (1\ 

1 /o.U \5) 


/^QQ /^QA {^At\ 

Cii — Ci4 — Ciy — C4U 


CI 1 ( A\ 

J 1.1 (4J 


r^io r^iA r^ic\ r^Af\ 
Cio — Ci4 — Ciy — C4U 


-70.1 (3) 


CiD — Ci4 — Ci9 — C4U 


loy.y (3) 


/^'J'J f^^A /^"JA A A 

Cii — Ci4 — Ciy — C44 


1 ^A T 

—1 /y. / \p) 


r^'XQ c^iA r^'XQ r^AA 
Cio — Ci4 — Ciy — C44 


CQ A <"J\ 

Jo.U (3 j 


r^iz r^iA r^ic\ r^AA 
CiD — Ci4 — Ciy — C44 


— Ol.y (3) 


A A /^TA A{\ r^A'\ 

C44 — Ci9 — C4U — C4 1 


52.1 (4) 


r^iA r^iQ r^Af\ r^A^ 
Ci4 — Ciy — C4U — C4 1 


—1 /y.3 (3 j 


r^^c\ r^Af\ r^A^ r^A'^ 
Ciy — C4U — C41 — C4z 


cc T ( A\ 
—J J. / (4) 


r^Af\ r^Ai /^/lo r^An 
C4U — C4 1 — C4z — C4 / 


OO.O (3 J 


C4U — C4 1 — C4z — C4i 


cc O { A\ 

JJ.6 (4) 


C4U — C4 1 — C4z — C4o 


lOO.U (3 j 


r^A1 r^AO C^AI C^AA 

C4 1 — C4z — C4i — C44 


CQ T 

JO. / (,3j 


An r^A^ r^A^ r^AA 
C4 / — C4z — C4i — C44 


/CI A f A\ 

o3.4 (4) 


/^/io r^A'^ r^A^ r^AA 
C46 — C4z — C4i — C44 


1 "TA /I /I \ 

1 /y.4 (3) 


t~^A^ r^A^ r^Ai r^zr\ 
C4 1 — C4Z — C4i — CDU 


1 'TA 1 \ 

1 /U.l (3) 


r^An r^A'^ r^A^ r^cf\ 
C4 / — C4z — C4i — CDU 


— o /.y (3 J 


r^AQ f^A^ r~^A1 /^CA 

C46 — C4z — C4i — CDU 


4o.Z (3) 


/^zn r^Ai r^AA r^'jct 
CDU — C4i — C44 — Ciy 


1 ^A A 

—1 /y.y \5) 


r^A'^ r^Ai r^AA r^ic\ 
C4z — C4i — C44 — Ciy 


C/C O 

jo.o (3) 


r^zf\ r^A'y r^AA r^Az 
CDU — C4i — C44 — C4D 


-57.7 (4) 


A'^ r^A'y r^AA r^Az 
C4Z — C4i — C44 — C4D 


1 /y.u \p) 


(^Af\ r^lQ C^AA C^AI 

C4U — Ciy — C44 — C4i 


C 1 1 //l A 

-51.1 (4) 


r^iA r^ic\ r^AA r^Ai 
Ci4 — Ciy — C44 — C4i 


1 ^A 1 

i /y.i (3j 


r^Af\ /^lA r^AA r^Az 
C4U — Ciy — C44 — C4D 


-173.1 (3) 


f^"^ A /^lA A A t^AZ 

Ci4 — Civ — C44 — C4D 


J /. 1 (3) 


/^/IQ A A f^AZ f^Al^ 

C4i — C44 — C4D — C4D 


— loy.y \5) 


r^ic\ r^AA r^Az r^AH 
Ciy — C44 — C4D — C46 


An A ( A\ 

—4 /.y (4j 


r\A xn r^A^. r^AZ 
U4 — JNz — C4d — C4D 


1 /I / CA 

1.4 (5) 


r\A MO r^At^ r^TZ 
(J4 — JNz — C4d — CiD 


1 "TA A /I \ 

—1 /y.y (3) 


A A A z r~^A£^ ivn 
C44 — C4d — C46 — N z 


ITT A /I \ 

-lii.U (i) 


C44— C45 C46— C35 


48.3 (4) 


C30— C35— C46— N2 


-0.7 (4) 


C34— C35— C46— N2 


127.5 (3) 


C30— C35— C46— C45 


178.2 (3) 


C34— C35— C46— C45 


-53.7 (4) 



sup-14 



supplementary materials 



/^il /^^A ^^^c\ /"'^'l 


oU.J (4) 


A 1 

C4i- 


A"t 

— C4z- 


AQ 

— C46- 


— C5i 


on 1 f A\ 
oU.l (4) 


CI J — C14 Ciy — Czz 


— lo4.U {5) 


An 
C4/- 


— C4z- 


A<t 

— C45- 


/^C 1 

— C5i 


An o ^A\ 
— 4/.0 (4J 


L-lo — L-14 — L-ly — L.ZZ 


AC 1 ( A\ 

— 4o.i (4J 


C43- 


— C4z- 


— C46- 


— C5i 


1 iCC 1 /1\ 

— iOJ.i (3 J 


Ci j — Ci4 — Ciy — CzU 


1 1 

— iDj.i (ij 


C4i- 


— C42- 


— C46- 


— C4y 


1 A 

— IDJ.U (ij 


/"'I c /"'l/l /"'in /^Tn 
CO — C14 — ciy — C/U 


— iV. / (3) 


An 
C4/- 


— C4z- 


A<t 

— C46- 


An 
— C4y 


nn 1 

77.1 (3) 


CI 5 — C14 — ciy — CZU 




C43- 


— C4z- 


-C48- 


-C49 


A(\ A 
— 4U.4 yi) 


/^OA /^o 1 
Czz — C 1 y — CzU — Cz 1 


1 An c 
14 /.O (ij 


C5i- 


— C46- 


-C49- 


-C50 


^ AQ O 

146.5 (J) 


A r^iQ /^ort 

ci4 — Ciy — C-Zu — Cxi 


19.3 (3) 


C4z— 


— C4o- 


-C49- 


-C50 


19.1 (3) 


Cio — CiD — Czi — CzU 


— ioz.z (3) 


A A 
C44— 


Ai 
— C43- 


-C50- 


-C49 


1 A ti\ 
— i65.U (3) 


Ci4 — CiD — Czi — CzU 


T /I T /Q \ 

—34. / (3) 


C4z— 


— C43- 


-C50- 


-C49 


—36.6 (3 ) 


Ciy — CzU — Czi — CiD 


A A I A\ 

y.u (4j 


C46- 


— C4y- 


-C50— C43 


1 A "2 t A\ 

iU.3 (4) 


CzU — C i y — Czz — Cz4 


O /"3\ 

DD.5 (3) 


C4y— 


— C4o- 


-C51- 


-C52 


1 T/; T /I \ 
— i /6.Z (3) 


C i 4 — C i y — Czz — Cz4 


i /D.D (3) 


C4z— 


— C46- 


-C51- 


-C52 


C C O //I \ 

—55.6 (4) 


CzU — C i y — Czz — Cz j 


1 "7 A C /Q \ 

i /y.D \i) 


C4y- 


-C48- 


-C51- 


-C53 


/CI /; //I \ 
61.6 (^4) 


C i 4 — C i y — Czz — Czi 


— OU.O (4J 


C4z— 


-C48- 


-C51- 


-C53 


1 TO 1 t1\ 

—1 /o.i (3J 


Czj — Cz/ — Cz4 — CzD 


73.6 (4) 


C52- 


-C51- 


-C53- 


-C54 


64.8 (4) 


C19— C22— C24— C25 


-161.0 (3) 


C48- 


-C51- 


-C53- 


-C54 


-171.0(3) 


C22— C24— C25— C26 


168.9 (3) 


C51- 


-C53- 


-C54— C55 


65.8 (4) 


C24— C25— C26— C27 


-167.5 (3) 


C53- 


-C54— C55- 


-C56 


165.0 (3) 


C25— C26— C27— C29 


-65.6 (4) 


C54- 


-C55- 


-C56- 


-C58 


168.9 (3) 


C25— C26— C27— C28 


170.2 (3) 


C54- 


-C55- 


-C56— C57 


-68.2 (4) 



Hydrogen-bond geometry (A, °) 



D—R-A D—R 

01— H1-N2 0.98 (4) 

04— H4-N1 0.95 (4) 

C9— H9C-06' 0.98 

C37— H37c ■■■03" 0.98 



Symmetry codes: (i) x+l,y, z; (ii) -x+2, >^l/2, -z+1. 



U-A D-A D—a-A 

1.88 (4) 2.809 (3) 157 (4) 

1.82(4) 2.733 (3) 160(3) 

2.58 3.404 (4) 142 

2.40 3.373 (4) 169 
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